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ABSTRACT 
 
The Monte Carlo code (MCNPX) was used to simulate a nuclear densimeter for measuring soil density. An 

Americium source (E = 60 keV) and a NaI (Tl) detector were placed on soil surface. Results from MCNP 

shown that scattered photon fluxes may be used to determining soil density. Linear regressions between 

scattered photons fluxes and soil density were calculated and shown correlation coefficients near unity. 

 

 

1. INTRODUCTION 
 

The nuclear probe based on diffusion Compton, for measuring density of soil was first 

introduced at the end of the 1940s [1]. These probes have their high-voltage circuit and pre-

amplifier encapsulated in a stainless steel cylinder with a radioactive source. These circuits 

are subject to frequent mechanical shock when placed in the pipe of access may well produce 

electronic sounds. Moreover,in the cables carrying the electrical pulses are also sources of 

noise due to electromagnetic interference. 

 

Density and moisture are physical magnitude that can be measured using nuclear techniques. 

In soil physics they have a key role as the productivity of crops depends directly on these two 

magnitudes [2]. Moreover the construction of roads they are used to control the density of the 

surface layers of asphalt [3,4,5] the main feature of this technique is its non-destructive 

character. 

 

It was built a new densimeter based on Compton scattering on the surface. The system 

consists of a source of americium-241, a collimator of lead, lead shielding and a scintillator 

NaI (Tl) of 8 cm in diameter. The lead shielding is needed to reduce the radiation fron the 

source which reaches the scintillator directly [6,7,8]. 

 

Na otimização da sonda nuclear foi utilizado um códigos aplicados a física nuclear. O código 

MCNP (Monte Carlo N-partícula sistema de código de transporte) bibliotecas usando dados 

de energia atômica e nuclear contínua (Evaluated Nuclear Data File (FNDE), da Biblioteca 

Evaluated Nuclear Data (ENDL) and of the Activation Library (ACTL) and assessments of 
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Apllied Nuclear Science (T-2) Group.) is general purpose, generalized geometry, continuous 

energy. Can be used to transport neutrons, photons or electrons, or a combination of these 

particles by performing calculation of criticality for different nuclear systems. The code 

considers an arbitrary three-dimensional configuration of materials in geometric cells 

bounded by surfaces of first and second degree [9,10,11]. 

 

The objective is to collaborate in assembling the experimental densimeter based on Compton 

scattering, using the code MCNPX. The core code was used to optimize the thickness of lead 

required to reduce the gamma-ray source and reached the detecdor, the volume of interaction 

of gamma in the sample and the best positioning of the nuclear probe in the sample. 

 

2. METHODOLOGY 
 

2.1. Programming of Monte Carlo 

 
The MCNP5 code is a rewritten version of MCNP4C. This includes physical improvements 

to the transport of photons, the addition of new techniques for reducing variance; source 

terms of new options and improved support for the use of code in parallel, but considers the 

main features of version MCNP4C. Although the MCNP5 have a specific command for 

simulation of radiographic images - controls the FIR, TIR and FIP - this code also has a 

limitation in modeling problems containing geometries with a large number of cells[10,11]. 

 

The MCNPX code is a combination of MCNP4C code with the code for the transport and 

interaction of nucleons, pions, muons and light ions in complex geometries LAHET (Los 
Alamos High-Energy Transport), The MCNPX contains all the capabilities of MCNP4C 

and MCNP5, adding to the capacity of transport 34 new types of particles (protons, light ions, 

etc.) expanding the range of energy of particles simulated. In MCNPX, new physical models 

for simulation, variance-reduction techniques and new techniques of data analysis were 

implemented, and updates the library section of the shock, making it superior to all existing 

distributions of MCNP, including in respect time of simulation[9,11,13]. 

 

A series of MCNP code represents one of the most common computer systems of codes 

applied to nuclear physics to calculate the interaction of radiation with matter. For its 

versatility and efficiency was chosen for the simulation of nuclear probe. The code allows a 

geometry model in 3D and produce probabilistic estimates of the trajectory of the photon in 

the field reaching the detector. 

 

Through these calculations it is possible to optimize the geometry, taking into account the 

thickness of the appropriate radiation shielding from the source, the limits of detection 

efficiency in the volume of sample and study the response of the detector according to the 

variation of soil density. 

 

2.1.1. The Simulation 

 

Americium-241 emits alpha particles and a 60keV gamma transition, and it have several 

applications in the nuclear area. The densimeter work detecting the scattered radiation after 

interaction with the environment, soil, in this case it is necessary to prevent the radiation from 

the source directly reaches the scintillator crystal NaI (Tl). The optimization of the thickness 
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of shielding using lead was performed counting the photons that directly reached the 

scintillator. Varied is the thickness of lead 1.0 to 6.0 cm in intervals of 1.0 cm. The study 

serves to show the relationship of the lower counts versus shielding. 

 

The MCNPX code was used to simulate all the experimental testing performed in the 

construction of the probe. The model followed the experimental conditions to varying 

thickness of lead and volume of the porous medium. For initial effect was considered the 

fixed angle of inclination of 45 degrees between the source in collimator and porous medium. 

The analysis was made by the flow of photons that reached the volume set to be the detector. 

Figure-1 shows a view of the plans and ZX models used for the experiments.  

 

Determined the thickness of lead shielding, the next step was to determine the ideal 

positioning for the source. The experimental verification of this position is based on the 

maximum of the scintillation detector. Closer to or away from the source of the sample, the 

number of photons scattered radiation that reaches the detector varies. 

 

This optimization using the MCNPX code is not as simple as the code records the flow of 

photons arriving at the volume indicated, without regard to the scintillation detector. For this 

it is necessary to estimate the losses of the scintillator low energy, In the programming was 

considered photons above 20 keV able to promote scintillation. In this Figure 1 depicts the 

cut expected 

 

After estimating the ideal points above was studied the behavior of all on the density of the 

sample. For the sample of porous material was considered the standard soil already studied in 

2004 in this department. 17 inputs were written only to study the variation of the material 

density of 0.8 g/cm
3
 to 2.4 g/cm

3
. Also studied was the volume of influence in the soil 

sample. Was considered in the study only the soil density of 1.6 g/cm
3 

[5]. 

 

 

 
 

Figure 1.  Simulation in the MCNPX code 
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3. RESULTS 
 

With the output files collected in the MCNP code was possible elaborate Figure 2. Which 

shows the attenuation of the source of americium in lead shielding. Taking into account the 

economic value and weight in  transport of the nuclear probe was chosen thickness of 4 cm of 

lead, because at this point the background counts is only 0.5% of all photons emitted by the 

source. Although the MCNP code show that for the simulations carried, the point 6 with 

background of only 0.3% was the best choice. 

 

 

 

 
 

Figure 2.  Attenuation of gamma radiation by 

lead shielding 
 

The analysis of the results presented in Figura 3 shows that there is a linear relationship 

between the counts and the sample density.. 

 

 

 
 

Figure 3.  Variation in counts with 

increasing density 
 

In Figura 4 it can be noticed that, due to the low energy of the 60keV gamma from 241Am, in 

the depth of 8cm, represents the maximum interaction volume the sample 1.6g/cm3 with the 

gamma source. 
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Figure 4.  Influences the volume of the sample 
 

 

4. CONCLUSIONS  
 

In this work is simulated an experimental setup to measure soil density being helpful in 

estimating some of the experimental limits and characteristics of this setup, With the data 

presented, we observed that the MCNPX code is efficient in the optimization of nuclear 

probes. 
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